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DYNAMOELECTRIC MACHINE WITH
ARCUATE HEAT EXCHANGER AND
RELATED METHODS

FIELD OF THE INVENTION

The present invention relates to the field of dynamoelec-

tric machines and, more particularly, to gas-cooled dynamo-
clectric machines.

BACKGROUND OF THE INVENTION

A dynamocelectric machine, such as an electric power
generator, icludes a rotor, a stator surrounding the rotor,
and a generator housing surrounding the rotor and stator.
The generator produces electrical current as the rotor turns
within the stator. The electrical current tflows through respec-
tive windings mounted on the rotor and stator, and generates
heat that may be dissipated away from the rotor and stator
for greater generator efliciency and/or relability.

One technique for cooling the rotor and stator 1s to
circulate a cooling gas within the generator housing. The
circulating gas removes heat from the rotor and stator
windings. A gas-to-liquid cooler within the generator hous-
ing may be used to transier the heat from the gas to a liquid
coolant flowing through the cooler.

Some gas-cooled generators use coolers that extend hori-
zontally 1 parallel with the axis of the rotor and stator.
Although horizontal coolers are still used, later-designed
gas-cooled generators typically incorporate one or more
coolers positioned vertically within a generator housing.
U.S. Pat. No. 2,707,243 to Baudry et al., for example,
discloses a pair of vertical coolers positioned between a
stator-winding duct and a housing bracket at the end of an
clectrical generator.

Both types of coolers—horizontal and vertical—are typi-
cally rectangularly shaped. U.S. Pat. No. 5,785,114 to Arm-
strong et al., for example, discloses a cooler that can be
positioned either horizontally or vertically, but like other
conventional coolers, 1t 1s rectangular. Specifically, the
cooler comprises a rectangular cooler frame and a plurality
of straight, elongate cooling tubes within the rectangular
cooler frame.

Horizontal and vertical rectangular coolers pose a number
of distinct disadvantages i1n cooling a dynamoelectric
machine, such as an electrical power generator. For example,
because a generator typically 1s positioned on a frame within
the generator housing, the frame normally 1s 1rregularly
shaped and has an enlarged diameter to accommodate the
horizontal or vertical rectangular cooler. The result 1s an
increase in the costs of manufacturing and transporting such
a dynamocelectric machine.

In cooling such a machine, moreover, the gas 1s directed
away from the generator and toward the cooler, after heat
has been transierred from the generator to the circulating
gas. Similarly, after the gas has been cooled by the transfer
of heat to the coolant within the cooler, the gas 1s directed
to an inlet of a blower to redirect the gas toward the
generator to maintain circulation of the cooling gas. With
rectangular horizontal or vertical coolers, imnternal batlles are
used to direct heated gas away from the generator and to
direct cooled gas to the blower 1nlet.

Although needed to properly direct the circulating gas, the
internal batlles result 1n greater gas pressure losses. The loss
of gas pressure caused by the internal batflles lowers the
celliciency of the dynamoelectric machine and typically
requires the use of larger blowers to overcome the loss. Not
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only 1s the operating eiliciency of the dynamoelectric
machine reduced as a result, but so, too, the cost of manu-
facturing 1s increased owing to the need to install the internal
baflles and larger blowers.

SUMMARY OF THE

INVENTION

With the foregoing background in mind, it therefore 1s an
object of the present invention to provide a more efliciently
cooled dynamoelectric machine.

This and other objects, features, and advantages in accor-
dance with the present invention are provided by a dynamo-
clectric machine comprising a rotor, a stator surrounding the
rotor, a generator housing surrounding the rotor and stator,
at least one blower for generating a cooling gas flow within
the generator housing, and at least one arcuate heat
exchanger within the generator housing for extracting heat
from the cooling gas flow.

The arcuate heat exchanger may be more readily posi-
tioned within the path of the cooling gas flow to thereby
more eiliciently extract heat therefrom. The positioning of
the arcuate heat exchanger, moreover, may reduce reliance
on bailling for directing the cooling gas flow within the
generator housing. Relatedly, because the total blower head
requirement 1s accordingly lower, the arcuate heat exchanger
thus may be used 1n conjunction with smaller sized blowers.
The reduced baflling and smaller blower size, in turn, also
may allow the size of the generator housing to be accord-
ingly smaller. As a result, the cooling efliciency of the
arcuate heat exchanger may be significantly enhanced. The
arcuate heat exchanger may more readily conform to the
contours of the generator housing, permitting the size of the
arcuate heat exchanger to be larger, thereby further improv-
ing 1ts cooling performance. The smaller size of the genera-
tor and reduced use of baflling also may lower manufactur-
ing and transportation costs associated with the
dynamoelectric machine.

The at least one arcuate heat exchanger of the dynamo-
clectric machine may be generally annular, for example. The
at least one arcuate heat exchanger may comprise a bundle
of coolant tubes for carrying a coolant. The coolant may be
a liquid coolant. The at least one arcuate heat exchanger also
may comprise a pair of spaced-apart plates with the cooling
tubes extending therebetween. The spaced-apart plates,
moreover, may be spaced apart axially from each other in
some embodiments. Alternately, the at least one arcuate heat
exchanger may comprise a pair ol spaced-apart plates
wherein the plates are radially spaced apart from one
another.

The bundle of coolant tubes may comprise tubes having
cooling fins extending outwardly therefrom. They may pro-
vide better heat transfer.

The dynamoelectric machine may comprise at least one
arcuate heat exchanger that surrounds the stator of the
dynamoelectric machine. The dynamoelectric machine,
moreover, may alternately or additionally comprise at least
one arcuate heat exchanger that 1s adjacent an end of the
stator. More particularly, some embodiments may include a
first pair of arcuate heat exchangers, each of the pair being
adjacent an opposite end of the stator, along with a second
pair of arcuate heat exchangers surrounding the stator.

Another aspect of the invention relates to a method of
extracting heat from a cooling gas flow within a generator
housing to thereby cool a rotor and a stator surrounding the
rotor. The method may comprise positioming at least one
arcuate heat exchanger within the housing, and causing a
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coolant to flow within the arcuate heat exchanger to extract
heat from the cooling gas tlow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a dynamoelectric
machine according to the mvention.

FIG. 2 1s a perspective view of an arcuate heat exchanger
as shown in FIG. 1.

FI1G. 3 15 a perspective view of a portion of a coolant tube
of the arcuate heat exchanger illustrated 1n FIG. 2.

FIG. 4 1s perspective view ol another arcuate heat
exchanger shown in FIG. 1.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the mvention are shown.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the mvention to those
skilled 1n the art. Like numbers refer to like elements
throughout.

With mitial reference to FIG. 1, a more efliciently cooled
dynamoelectric machine 30 according to the present inven-
tion 1s described. The dynamoelectric machine 30 illustra-
tively comprises a rotor 32, a stator 34 surrounding the rotor,
and a generator housing 36 surrounding both the rotor and
the stator. A gas flow 38 circulates within the generator
housing 36 to cool the rotor 32 and stator 34. The gas flow
1s 1llustratively generated by a pair of blowers 39a, 3956
positioned at opposing ends of the rotor 32 and stator 34. As
schematically shown, the blowers 39a, 396 are mounted on
and driven by a shaft 41 that connects to the rotor 32 to also
drive the rotor.

The dynamoelectric machine 30 further comprises a first
pair ol arcuate heat exchangers 40a, 405 adjacent opposing,
ends of the stator 34 and a second pair of arcuate heat
exchangers 80a, 805 that surround portions of the stator 34.
Although 1llustratively the dynamoelectric machine 30 thus
includes two pairs of arcuate heat exchangers 40a, 405 and
80a, 805b, 1t will be apparent to one skilled in the art from the
description herein that alternately the dynamoelectric
machine 30 may include more than four arcuate heat
exchangers, less than four arcuate heat exchangers, and,
indeed, as few as one arcuate heat exchanger.

Turning now additionally to FIG. 2, an arcuate heat
exchanger 40a representative of the first pair of arcute heat
exchangers 40a, 405 1s described 1n greater detail. Because
cach of the first pair of arcuate heat exchangers 40a, 405 1s
similar, the description of the one will suflice to explain the
other. Illustratively, the arcuate heat exchanger 40a com-
prises a bundle 42 of parallel coolant tubes 43. Each coolant
tube 43 1s elongate, having opposing ends that are illustra-
tively spaced apart from and adjacent one another so that the
portion of the tube between the ends 1s arcuate. As 1illus-
trated, the arcuate portion of each coolant tube 43 forms a
nearly complete ring, with the opposing ends only slightly
spaced apart to thereby give the arcuate heat exchanger 40q
a generally annular shape.

As will be readily apparent to those skilled in the art, the
opposing ends of each coolant tube 43 alternately can be
more widely spaced apart to create an arcuate heat
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exchanger 40a having an inverted U-shape. The arcuate heat
exchanger 40a alternately can take on other arcuate con-
figurations that will readily come to the mind of one skilled
in the art.

Although arcuate portions of each coolant tube 43 are
illustrated as being smoothly arcuate, 1t will be readily
appreciated by those skilled 1n the art that each may alter-
nately include non-smooth or non-curved portions as well.
Indeed, as will be apparent to those skilled 1n the art, each
coolant tube 43 may alternately entirely comprise a plurality
of straight, linear portions that are connected at angles
relative to one another so as to have, 1in the aggregate, an
arcuate shape.

A first end of each coolant tube 43 1s 1illustratively
connected to an i1nlet manifold 48, and a second end 1s
connected to an outlet manifold 52. An inlet 50 1s connected
to the inlet manifold 48 so that a coolant can be supplied
through the inlet 1into the inlet manifold, which directs the
coolant into respective coolant tubes of the bundle 42 of
coolant tubes 43 as will be readily understood by those
skilled 1n the art. Other means of supplying coolant will also
be envisioned by those skilled in the art. For example, the
coolant tubes 43 may include reverse chambers and a water
box may connected along an arcuate portion to the coolant
tubes 43 to supply water thereto, with separate halves
working independently of one another.

An outlet 54 1s connected to the outlet manifold 52, and
the coolant can be recerved from the coolant tubes 43 via the
outlet. Accordingly, as will be readily appreciated by those
skilled 1n the art, a flow of coolant can be made to circulate
within the bundle 42 of coolant tubes 43 of the arcuate heat
exchanger 40a. When the gas flow 38 comes into contact
with the arcuate heat exchanger 40qa, heat 1s transierred from
the gas to the coolant within the bundle 42 of coolant tubes
43.

The arcuate heat exchanger 40a further comprises a pair
of spaced-apart plates 56a, 56b. A plurality of braces 58
illustratively extend between the spaced-apart plates 56a,
5656. The bundle 42 of coolant tubes 43, as illustrated, are
adjacent the spaced-apart plates 56a, 565, and, more par-
ticularly, extend between them. As illustrated, each arcuate
heat exchanger 40a, 405 has its plates 56a, 565 being axially
spaced apart based upon the axis a of the generator so that
the gas flow 38 1s parallel to the spaced-apart plates and
radially inward.

As shown 1n FIG. 3, the arcuate heat exchanger 40a may
turther comprise fins 60 extending outwardly from each of
the tubes 43 to thereby more eflectively extract heat from the
cooling gas flow 38 by providing greater surface area for
contacting the cooling gas flow. The fins 60 may extend
outwardly from a surface portion 62 1n a spiral configura-
tion. As will be readily understood by those skilled 1n the art,
the fins alternately may be flat-wound rather than spiraled.
Moreover, although, fins enhance heat exchange, there may
be reasons not to use fins (e.g., to reduce manufacturing
costs). Accordingly, as will be readily appreciated by one
skilled 1n the art, the arcuate heat exchanger 40a alternately
may be devoid of such fins.

Referring additionally now to FIG. 4, the second pair of
arcuate heat exchangers 80a, 806 1s described in terms of a
representative arcuate heat exchanger 80a. Again, because
cach of the second pair of arcuate heat exchangers 80a, 805
1s similar, the description of the one will suflice to describe
the other.

The arcuate heat exchanger 80a representative of the
second pair of arcuate heat exchangers 80a, 806 comprises
a bundle 82 of parallel coolant tubes 83. Each coolant tube
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83 comprises opposing ends with an elongated arcuate
portion therebetween. A first end of each coolant tube 83
connects to an inlet manifold 88, and a second end connects
to an outlet manifold 92. An inlet 90 connects to the inlet
manifold 88 to supply a coolant thereto, and an outlet 94
connects to the outlet manifold 92 to receive the coolant
therefrom.

As noted above 1n the context of the first pair of arcuate
heat exchangers 40a, 405, even though arcuate portions of
cach coolant tube 83 of the second pair of arcuate heat
exchangers 80a, 806 are shown as being smoothly arcuate,
it should be apparent to those skilled in the art that they may
alternately include non-smooth or non-curved portions
instead. And, indeed, as also noted above, each coolant tube
83 may nstead entirely comprise a plurality of straight,
linear portions that are connected at angles relative to one
another so as to have an arcuate shape when taken together.

The arcuate heat exchanger 80a further illustratively
comprises a pair of spaced-apart plates 96a, 966. The bundle
82 of coolant tubes 83 are adjacent the spaced-apart plates
96a, 96b, extending therebetween. A plurality of braces 98
illustratively extend between the spaced-apart plates 96aq,
96b. The spaced-apart plates 96a, 965 are spaced apart
radially. The gas tlow 38 contacts the bundle 82 of coolant
tubes 83 as 1t tlows between the radially spaced-apart plates
96a, 96b.

The arcuate heat exchangers 40a, 4056, 80a, 805 provide
significant advantages over conventional heat exchangers.
For example, the arcuate heat exchangers 40a, 405, 80a, 805
can more readily conform to the shape of an electrical power
generator. Moreover, the shape of the arcuate heat exchang-
ers 40a, 405, 80a, 80H allows them to be readily positioned
within the generator housing 36 of the dynamoelectric
machine 30.

The arcuate heat exchangers 40a, 40b, 80a, 80b can
increase cooling efliciency since the arcuate heat exchangers
can be readily positioned within the path of the gas tlow 38.
The positioning can provide for better heat exchange
between the gas flow 38 and a coolant, and, as a result, better
cooling of the dynamoelectric machine 30.

Being able to more readily position the arcuate heat
exchangers 40a, 400, 80a, 8056 within the path of the gas
flow 38, moreover, reduces the need for internal bafiling to
direct the gas flow 38 to and from the arcuate heat exchang-
ers. [t also allows for use of smaller sized blowers 39a, 395,
because, as will be readily appreciated by those skilled 1n the
art, the total blower head requirement 1s lower owing to the
better positioning of the arcuate heat exchangers 40a, 405,
80a, 805.

Theretfore, the efliciency of the dynamoelectric machine
30 1s enhanced by the lower blower loss and better cooling
capabilities. Use of the arcuate heat exchanger 40a, 405,
80a, 806 also reduces manufacturing and transportation
costs associated with the dynamoelectric machine 30 as
compared to conventional generators. Conventional genera-
tor housings are normally designed to have a more rectan-
gular shape along with an enlarged diameter to accommo-
date rectangularly shaped horizontal and vertical coolers.

As already noted, the dynamocelectric machine 30 1llus-
tratively comprises two pairs of arcuate heat exchangers
40a, 405 and 80a, 80b. Each of the first pair of arcuate heat
exchangers 40a, 406 1s adjacent an end of the stator 34 and
extends around the rotor 32. The spaced-apart plates 56aq,
56 of each of the pair of arcuate heat exchangers 40a, 4056
being so positioned assist 1n directing the gas tlow 38 nto
contact with the bundle of coolant tubes 42 between the
plates. The cooled gas flow 38 then flows as 1llustrated over
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the rotor 32, including within the air gap between the rotor
and the stator 34, as well as through passageways 47a, 475,
4'7c, 47d extending axially through the rotor from the ends
thereof and axially outward from the rotor. The gas flow 38
also flows through the stator 34 via passageways 49a, 495,
49c, 494 extending radially through the stator 34.

Additionally, as illustrated, after the gas flow 38 exits the
stator 34, 1t 1s cooled by the other pair of arcuate heat
exchangers 80a, 805, each of the arcuate heat exchangers
extending around the stator 34. The radially spaced-apart
plates 96a, 960 of the heat exchangers 80a, 805 assist in
directing the gas tflow 38 into contact with the coolant tubes
42 between the respective plates. Accordingly, the gas tlow
38 1s cooled by the second pair of heat exchangers 80a, 805
before reaching the other pair of heat exchangers 40a, 405.

An additional aspect of the present invention relates to a
method of extracting heat from a gas flow 38 within a
generator housing 36 to cool a rotor 32 and a stator 34
surrounding the rotor. The method illustratively comprises
positioning at least one arcuate heat exchanger 40a, 80a
within the generator housing 36 and causing a coolant to
flow within the at least one arcuate heat exchanger to thereby
extract heat from the cooling gas tlow 38.

The at least one arcuate heat exchanger 40a, 80a so
positioned, moreover, illustratively comprises an arcuate
heat exchanger that 1s generally annular. In addition, the
method 1llustratively comprises causing a coolant that 1s a
liquid coolant to flow within the arcuate heat exchanger. The
method further illustratively includes positioning at least one
arcuate heat exchanger 40a, 80a comprising a bundle 42, 82
of coolant tubes 43, 83 and positioning the bundle of coolant
tubes to surround the stator 34 and/or be positioned adjacent
an end of the stator.

Many modifications and other embodiments of the mven-
tion will come to the mind of one skilled in the art having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, 1t 1s to
be understood that the invention 1s not to be limited to the
specific embodiments disclosed, and that modifications and
other embodiments are intended to be included within the
scope of the dependent claims.

That which 1s claimed 1s:

1. A dynamoelectric machine comprising:

a rotor defining an axis;

a stator surrounding said rotor;

a generator housing surrounding said rotor and said stator;

a first blower for generating a first cooling gas tlow within
said generator housing for cooling said stator and said
rotor;

a first arcuate heat exchanger within said generator hous-
ing and surrounding said stator for extracting heat from
the first cooling gas flow, said first arcuate heat
exchanger comprising a first bundle of cooling tubes
extending 1n a first plane transverse to the axis; and

a second arcuate heat exchanger within said generator
housing and adjacent a first end of said stator for also
extracting heat from the first cooling gas flow, said
second arcuate heat exchanger comprising a second
bundle of cooling tubes extending 1n a second plane
transverse to the axis.

2. A dynamoeclectric machine according to claim 1
wherein each of said first and second arcuate heat exchang-
ers 1s generally annular.

3. A dynamoclectric machine according to claim 1
wherein each of said first and second arcuate heat exchang-
ers comprises a gas-to-liquid arcuate heat exchanger.
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4. A dynamoelectric machine according to claim 1
wherein said first arcuate heat exchanger further comprises
a pair of radially spaced apart plates adjacent said first
arcuate bundle of cooling tubes.

5. A dynamoelectric machine according to claim 1
wherein said second arcuate heat exchanger further com-
prises a pair ol axially spaced apart plates adjacent said
second arcuate bundle of cooling tubes.

6. A dynamoelectric machine according to claim 1
wherein each of said first and second arcuate heat exchang-
ers further comprises fins extending outwardly from each
coolant tube.

7. A dynamoelectric machine according to claim 1 further
comprising:

a second blower for generating a second cooling gas flow
within said generator housing for cooling said stator
and said rotor;

a third arcuate heat exchanger within said generator
housing and surrounding said stator for extracting heat
from the second cooling gas flow, said third arcuate
heat exchanger comprising a third bundle of cooling

tubes extending 1n a third plane transverse to the axis;
and

a fourth arcuate heat exchanger within said generator
housing and adjacent a second end of said stator for
also extracting heat from the second cooling gas flow,
said fourth arcuate heat exchanger comprising a fourth
bundle of cooling tubes extending in a fourth plane
transverse to the axis.

8. A dynamoelectric machine according to claim 7
wherein said rotor and said stator each comprises passage-
ways therein to pass the first cooling gas flow into the first
end of said rotor, through a medial portion thereof, and into
and through a medial portion of said stator; and to pass the
second cooling gas flow into the second end of said rotor,
through a medial portion thereof, and mto and through a
medial portion of said stator.
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9. A method of extracting heat from a first cooling gas
flow within a generator housing to cool a rotor and a stator
surrounding the rotor, the method comprising:

positioning a first arcuate heat exchanger within the
generator housing and surrounding the stator for
extracting heat from the first cooling gas tlow, the first
arcuate heat exchanger comprising a first bundle of
cooling tubes extending 1n a first plane transverse to an
ax1is defined by said rotor;

positioning a second arcuate heat exchanger within the
generator housing and adjacent a first end of the stator
for also extracting heat from the first cooling gas tlow,
said second arcuate heat exchanger comprising a sec-
ond bundle of cooling tubes extending in a second
plane transverse to the axis; and

causing a coolant to flow within the first and second
arcuate heat exchangers to extract heat from the first
cooling gas flow.

10. A method according to claim 9 wherein each of the
first and second arcuate heat exchangers 1s generally annular.

11. A method according to claim 9 wherein causing
coolant to flow comprises causing liquid to flow through
cach of the first and second arcuate heat exchangers.

12. A method according to claim 9 wheremn the first
arcuate heat exchanger further comprises a pair of radially
spaced apart plates adjacent the first arcuate bundle of
cooling tubes.

13. A method according to claim 9 wherein the second
arcuate heat exchanger further comprises a pair of axially
spaced apart plates adjacent the second arcuate bundle of
cooling tubes.

14. A method according to claim 9 wherein each of the
first and second arcuate heat exchangers further comprises
fins extending outwardly from each coolant tube.
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